Recent microarray studies with stringent validating criteria identified Bcl-2-associated athanogene (BAG1) as a target for the actions of medications that are mainstays in the treatment of bipolar disorder (BPD). BAG1 is a Hsp70/Hsc70-regulating cochaperone that also interacts with glucocorticoid receptors (GRs) and attenuates their nuclear trafficking and function. Notably, glucocorticoids are one of the few agents capable of triggering both depressive and manic episodes in patients with BPD. As a nexus for the actions of glucocorticoids and bipolar medications, we hypothesized that the level of BAG1 expression would play a pivotal role in regulating affective-like behaviors. This hypothesis was investigated in neuron-selective BAG1 transgenic (TG) mice and BAG1 heterozygous knockout (؉/؊) mice. On mania-related tests, BAG1 TG mice recovered much faster than wild-type (WT) mice in the amphetamine-induced hyperlocomotion test and displayed a clear resistance to cocaine-induced behavioral sensitization. In contrast, BAG1؉/؊ mice displayed an enhanced response to cocaineinduced behavioral sensitization. The BAG1 TG mice showed less anxious-like behavior on the elevated plus maze test and had higher spontaneous recovery rates from helplessness behavior compared with WT mice. In contrast, fewer BAG1؉/؊ mice recovered from helplessness behavior compared with their WT controls. BAG1 TG mice also exhibited specific alterations of hippocampal proteins known to regulate GR function, including Hsp70 and FKBP51. These data suggest that BAG1 plays a key role in affective resilience and in regulating recovery from both manic-like and depression-like behavioral impairments.
B
ipolar disorder (BPD) is one of the most severely debilitating medical illnesses and affects the lives and functioning of millions worldwide. A number of studies indicate that for a large percentage of patients, outcome is quite poor (1), with high rates of relapse, chronicity, lingering residual symptoms, subsyndromes, cognitive and functional impairment, psychosocial disability, and diminished well being (2) (3) (4) . Suicide is estimated to be the cause of death in up to 15% of individuals with BPD, and in addition to suicide, many other deleterious health-related effects are increasingly being recognized (5) . In light of this tremendous morbidity and mortality, it is striking that no new treatments have been developed specifically for BPD in 40 years. With the exception of lithium, every alternative treatment currently used for BPD was initially developed for other illnesses (most notably epilepsy or schizophrenia) and then subsequently used in BPD (1, 6) . This lack of specific medication development for BPD is undoubtedly due, at least in part, to the fact that our understanding of the underlying neurobiology of the disorder is in its infancy.
Syndromically and symptomatically, BPD is a complex illness encompassing various degrees of disturbances of emotions, behavior, thought and cognition, and hedonic and motoric drive (1) . Indeed, the hallmark of BPD appears to be the predilection to ''overshoot'' into full-blown affective episodes in the face of stressors (6) . Thus, a number of stressors (including psychological, hormonal, and pharmacological) that induce modest, transient perturbations in healthy individuals are capable of inducing fullblown, sustained mood episodes in individuals with a bipolar diathesis. At present, the precise cellular mechanisms underlying this loss of homeostasis and clinical manifestation of affective symptomatology, that is, mania and/or depression, remain to be fully elucidated. However, it is noteworthy that considerable clinical data have shown that glucocorticoids are one of the few agents capable of triggering both depressive and manic episodes in patients with BPD (reviewed in ref. 6) .
Of relevance to the ability of glucocorticoids to trigger both manic and depressive episodes, Wei et al. (7) recently examined the behavioral phenotype of glucocorticoid receptor (GR)-overexpressing transgenic (TG) mice. These mice displayed a significant increase in depression-like behaviors relative to wild-type (WT) (control) mice. Additionally, the mice showed enhanced sensitization to cocaine and were also supersensitive to antidepressants. Together, these intriguing data suggest that these mice show an enhanced propensity toward the development of both depression-like and maniclike episodes, thereby recapitulating certain facets of BPD.
Moreover, studies have shown that two pharmacologic agents that are the mainstay of treatment for BPD, lithium and valproate (VPA), regulate the expression of a protein known to modulate GR function (8) , despite the fact that these agents have highly dissimilar chemical structures (a monovalent cation and a fatty acid). Specifically, chronic lithium or VPA, when administered in therapeutically relevant paradigms, robustly up-regulate the GR chaperone protein BAG1 (8) . Consistent with the known actions of BAG1 on GR trafficking and function, previous studies have demonstrated that lithium/VPA-induced BAG1 up-regulation attenuates GR nuclear translocation and also attenuates the activity of a reporter gene driven by GRs (8) . Notably, these effects were only observed when using high (pathophysiologic) glucocorticoid concentrations; GR function at lower glucocorticoid levels was unaffected by BAG1 up-regulation (8) .
In view of (i) the role of GR overexpression in modulating affective symptomatology observed in BPD; (ii) the role of BAG1 in attenuating GR function at high glucocorticoid concentrations; and (iii) the fact that two of the mainstays in the long-term treatment of BPD up-regulate BAG1 levels, we used BAG1-overexpressing mice (9) to investigate the hypothesis that elevated BAG1 expression would attenuate stress-responsive and affective-like behaviors. We found that BAG1 overexpression is associated with enhanced recovery from both manic-like and depression-like behavioral impairments. Furthermore, we also found that BAG heterozygous knockout (ϩ/Ϫ) mice showed somewhat of an opposite picture in selected tests. While further investigation is clearly required to substantiate the clinical relevance of BAG1 function in the potential treatment of BPD, these findings suggest the possibility of new therapies aimed at enhancing BAG1 function.
Results

General Physical and Behavioral Assessments of Mice with Neuron-
Specific Overexpression of BAG1. Consistent with previous data (10), BAG1 TG mice displayed clear hippocampal expression of recombinant BAG1 without significant change of the endogenous BAG1 levels in total tissue homogenates and cellular fractions of cytoplasm, nuclei, and mitochondria [supporting information (SI) Fig.  S1 A] . Previous immunocytochemical studies have further demonstrated selective BAG1 increases in hippocampal, striatal, and cortical neurons (10) . The BAG1 TG mice were viable, fertile, and devoid of any gross anatomical abnormalities. They exhibited normal performance on a variety of neurological and sensory tests (data not shown) as well as locomotor activity (Fig. S1 ). These data suggest that BAG1 TG mice do not have obvious motor, sensory, or learning and memory impairments.
General Physical and Behavioral Assessments of BAG1؉/؊ Mice. The major purpose of this work was to investigate the effects of BAG1 overexpression on affective-like behaviors. However, BAG1ϩ/Ϫ mice of C57BL/6J background were also used in selected tests. The mice showed Ϸ50% reduced BAG1 levels (Fig. S2) . The BAG1ϩ/Ϫ mice were viable, fertile, devoid of any gross anatomical abnormalities, and exhibited normal performance on a variety of neurological and sensory tests (data not shown). Furthermore, the locomotor activities of BAG1ϩ/Ϫ mice in the open field test were similar to those of WT mice (Fig. S1E) . (Fig. 1A) and traveled significantly greater distances (Fig. 1B) in the open arms than WT mice. No significant differences were detected in total arm entries and total distance traveled in both arms, indicating that the increased activity of BAG1 TG mice in the open arms was not due to hyperlocomotion. One plausible interpretation of the data is that BAG1 TG mice are more tolerant to stressful conditions (open arms) while being more exploratory. (12) . It is used to monitor the behavioral effects of antidepressants and to screen agents that produce antidepressant-like effects (12) . During the test, a mouse is forced to spend 6 min in an inescapable tank of water. A mouse is scored as immobile when it suspends all of its efforts to escape in the last 4 min of the test. A potential limitation of this test is that acute treatment with antidepressants effectively reduces immobility (in contrast to the chronic administration required for therapeutic efficacy in patients). BAG1 TG mice displayed no significant difference in immobility times in the test (Fig. 2A) .
The learned-helplessness paradigm is another behavioral despair test involving severe stress (13) . The typical paradigm consists of the induction of helplessness, as well as initial and follow-up helplessness assessment sessions. During the induction session on day 0, animals are given a series of light-cued electrical foot shocks while the gate that allows potential escape is closed. During the assessment sessions, animals receive a series of cued shocks with the gate open to allow potential avoidance or escape from the shock (by passing through the gate). The number of escape failures and latencies to escape are recorded as the readout measures. Mice that fail to escape at least 20 of 30 cued shocks are considered to have developed helplessness. Helpless mice can spontaneously recover over a period of days or weeks (14) . In follow-up assessments, subchronic, but not acute or subacute, treatment with antidepressants facilitate escape for helpless mice (15) .
Here, mice of both genotypes displayed no significant outcome differences in the initial assessments conducted 1 day after the induction session (Fig. 2B) . However, the BAG1 TG mice that had developed helplessness behavior showed a markedly rapid spontaneous recovery over a week-long period (as indicated by significant differences in escape failures and latencies) ( Fig. 2 C and E) .
To ensure that this enhanced recovery was not due to a memory deficit, active and passive avoidance tests were undertaken. No significant differences were detected in the active and passive avoidance tests ( Fig. 2 B and C) , suggesting that BAG1 mediates behavioral recovery from severe stress. Recovery from Severe Stress-Induced Depression-Like Behavior in BAG1؉/؊ Mice. Both BAG1ϩ/Ϫ mice and their WT controls displayed no significant outcome differences in the initial assessments conducted 1 day after the induction session (data not shown). The BAG1ϩ/Ϫ mice that had developed helplessness behavior showed modestly delayed spontaneous recovery at day 12 of the assessment period (as indicated by escape failures and latencies); however, these delayed recoveries did not reach statistical significance ( Fig. 2 D and F) . Notably, fewer BAG1ϩ/Ϫ mice (22%) spontaneously recovered from the helplessness behavior than their WT controls (43%).
Facilitated Recovery from Psychomotor Stimulant-Induced Locomotion in BAG1 TG Mice. Psychostimulants such as amphetamine cause mania in human subjects with a personal or family history of mood disorders and worsen manic manifestation in hypomanic patients (16) . Amphetamine-induced hyperlocomotion has been viewed as an experimental model of mania in rodents, with supporting evidence that lithium and VPA treatment attenuates amphetamineinduced locomotion in this model (17) . No significant difference in activity was detected between the genotypes after saline injection ( Fig. 3 A and C) . Amphetamine injection (i.p. 2 mg/kg and 5 mg/kg) significantly increased locomotion in both genotypes ( Fig. 3 B and  D) . At 2 mg/kg amphetamine, both genotypes returned to baseline within 2 h, and no significant difference was detected in distance traveled between mice of different genotypes (Fig. 3B) . At the higher dose, BAG1 TG mice returned to baseline much earlier than the WT mice (Fig. 3D ). These effects of BAG1 overexpression are unlikely to be confounded by general locomotion, because no significant baseline locomotion differences were seen between mice from the two genotypes ( Fig. 3 A and C) . These data imply that BAG1 also facilitates behavioral recovery from amphetamineinduced changes in a model of mania. It remains possible that these mice show altered amphetamine metabolism; however, the resilience observed in both pharmacologic and nonpharmacologic paradigms is unlikely to be due to pharmacokinetic effects.
Reduction of Cocaine-Induced Behavioral Sensitization in BAG1 TG
Mice. The cocaine-induced behavioral sensitization paradigm is another experimental model of mania that mimics the course of BPD (18) . In this paradigm, animals receive repeated injections of psychostimulants over a period of several days or weeks, and the animal's locomotor responses to the injections are gradually intensified. Such an intensified response can last for days or weeks without additional injections (19) . Reports show that administration of lithium during the psychostimulant sensitization process attenuates the gradual increases in motor response (20) .
To evaluate the effect of BAG1 overexpression on the behavioral sensitization paradigm, 20 mg/kg cocaine or saline was repeatedly administered for 5 consecutive days, and the mice were challenged with the same dose of cocaine 1 week later. Gradual increases in locomotor activity were observed in both groups, but no significant differences were seen between the genotype groups over 5 days of cocaine administration (Fig. 4 B and D) . On the challenge test 1 week later, a significant increase in locomotor activity was detected compared with the first day of injection, indicating the development of behavioral sensitization (Fig. 4 B and D) . Notably, this sensitization was significantly lower in BAG1 TG mice (Fig. 4C) . Saline treatment did not induce changes in locomotor activity (Fig. 4 A and Locomotor activities were monitored for 2 h before (A) and after (C) 2 mg/kg amphetamine, and for 6 h before (B) and after (D) 5 mg/kg amphetamine injection. In the experiments with 2 mg/kg amphetamine, locomotor activity was reduced to baseline levels within 2 h, and there was no significant genotype difference (C). In the experiments with 5 mg/kg amphetamine, BAG1 TG mice showed facilitated reduction in locomotion (D), and genotype differences were significant.
C).
These results indicate that mice overexpressing BAG1 are resistant to cocaine-sensitized behavior in a model of mania.
Enhancement of Cocaine-Induced Behavioral Sensitization in
BAG1؉/؊ Mice. To evaluate the effect of reduced BAG1 levels on the behavioral sensitization paradigm, BAG1ϩ/Ϫ mice were repeatedly administered cocaine (10 mg/kg) or saline for 5 consecutive days and then challenged with the same dose of cocaine 1 week later. Gradual increases in locomotor activity were observed in both BAG1ϩ/Ϫ and WT mice, but no significant differences were seen between the genotype groups over 5 days of cocaine administration (10 mg/kg). On the challenge test 1 week later, a significant increase in locomotor activity was detected compared with the first day of injection, indicating the development of behavioral sensitization (Fig. 4D) . Notably, this sensitization was significantly higher in BAG1ϩ/Ϫ mice compared with their WT controls (Fig. 4D) . These results indicate that mice with lower levels of BAG1 show an enhanced sensitivity to behavioral sensitization with cocaine.
Hippocampal Neurochemical Changes in BAG1 TG Mice. The hippocampus is one of the brain regions involved in mood regulation and behavioral response to stress and glucocorticoids; furthermore, mood stabilizers robustly up-regulate BAG1 expression in hippocampus compared with other brain regions (8) . To explore the in vivo relationship of BAG1 to GR function, we monitored levels of BAG1-interacting molecules in this brain region. In this regard, hippocampal GR translocation is known to be regulated via interactions with BAG1, Hsp70, and FKBP51. Notably, BAG-1 is known to stabilize Hsp70 levels in the brain (9, 21) . Similar to BAG1, FKBP-51 is known to inhibit GR function (22) . In addition, some studies suggest that inhibition of GR activity (as would be expected in BAG1 TG mice) might be expected to result in a compensatory reduction in FKBP-51 levels. Therefore, we quantified levels of GR, Hsp70, and FKBP51 in BAG1 TG mice. Furthermore, cytosolic BAG1 also interacts with Raf-1 (thereby promoting activation of ERK MAP kinases) and with Bcl-2 (thereby promoting cell survival) (8, 9, 23, 24) . We therefore also quantified total ERK levels, pERK1/2 levels (known to represent the activated form of ERK MAP kinases), and Bcl-2 levels.
As predicted by BAG1's stabilizing effects on Hsp70 (11), mice overexpressing BAG1 displayed significantly higher hippocampal levels of Hsp70 (Fig. 5) . BAG1-overexpressing mice also displayed significantly lower levels of FKBP51, consistent with compensatory adaptations (22) (Fig. 5) . No changes were observed in total GR protein levels. Similarly, the hippocampal levels of Bcl-2, ERK, or pERK did not significantly differ between the BAG1 TG and WT groups.
Because the BAG1 TG mice displayed changes in behavioral response to psychostimulants (Figs. 3 and 4) , we examined the striatal levels of proteins known to be involved in dopamine neurotransmission and intracellular signaling. No significant differences were observed between BAG1 TG and WT mice with respect to levels of dopamine transporter (DAT), catechol-Omethyltransferase (COMT), and transcription factors previously implicated in control of expression of these genes: Fos B and phospho-CREB (cAMP-responsive element binding protein) (Fig. S3) .
Discussion
In this report, we present evidence that the level of neuronal BAG1 expression plays an important role in regulating affective-like behaviors, a finding with translational implications for BPD. In BPD, both physical and psychosocial stresses are capable of destabilizing the illness and inducing sustained manic or depressive episodes. Thus, a number of stressors that induce modest, transient perturbations in healthy individuals are capable of inducing sustained mood episodes in individuals with a bipolar diathesis. The primary function of BAG1 concerns its interaction with Hsp70 family molecular chaperones, and thus BAG1 can be considered to be an anti-cell stress protein. BAG1 displays a variety of cytoprotective activities and effects on signal transduction, transcription, and cellsurviving pathways, all suggestive of a role in overcoming cellular stress (reviewed in refs. 9, 24, and 25).
BAG1 is known to interact with GRs and attenuate their nuclear trafficking and function (23, 26) . In this context, it is noteworthy that considerable clinical data have shown that glucocorticoids are one of the few agents capable of triggering both depressive and manic episodes in patients with BPD (reviewed in ref. 6 ). Furthermore, GR-overexpressing mice show an enhanced predilection toward the development of both depression-like and manic-like episodes (7). Finally, chronic treatment with lithium or VPA, which enhance recovery from spontaneous as well as stress-induced affective episodes (discussed in ref. 27 ), robustly up-regulate the GR chaperone protein BAG1 (8) . In the present work, we demonstrated a role for neuronal BAG1 overexpression in regulating recovery from manic-like and depression-like behavioral states that are known to be enhanced by stress. In keeping with its role in regulating GR nuclear translocation and transactivation, we also demonstrated that BAG1 overexpression resulted in higher hippocampal levels of Hsp70 and lower levels of FKBP51 without changing overall GR levels or levels of Bcl-2, ERK, or pERK. Our findings thus provide additional support for an important role of GRs in mania and depression, although other GR-independent functions of BAG1 may also contribute.
Therefore, therapies aimed at enhancing BAG1 function may ultimately be capable of treating both the manic and depressive phases of BPD. In this regard, the up-regulation of BAG1 by mood stabilizers represents a finding that meets several important criteria for assessing potential clinical therapeutic relevance (8) . Specifically, (i) the effect of mood stabilizers on BAG1 protein expression and GR trafficking are common to both lithium and VPA; (ii) BAG1 up-regulation by lithium and VPA occurs in the hippocampus, a brain region known to be involved in critical affective neuronal circuits; (iii) BAG1 up-regulation occurs in the CA3 subfield, a region where robust protection against stress-induced apical dendritic retraction by lithium was recently observed (VPA was not examined in that study) (28); (iv) the effect of lithium and VPA on BAG1 and GR trafficking/ function occurs at therapeutic concentrations both in vivo and in vitro; (v) similar to the clinical therapeutic effects, the changes in BAG1 protein expression and GR trafficking/function are observed only after chronic (and not after acute) administration; (vi) the effects are specific to the mood stabilizers lithium and VPA; chronic administration of an antidepressant, a psychostimulant, or an antipsychotic does not affect BAG1; and (vii) the effects of BAG1 overexpression on GR function were manifest at high (pathophysiologic) glucocorticoid levels (8).
The BAG1 TG mice appeared normal in terms of physical appearance and performance on a variety of neurological, sensory, locomotor, and learning and memory tests. On behavioral tests relevant to affective-like behavior, these mice showed increased exploratory activity in relatively stressful conditions, enhanced spontaneous recovery from helplessness, faster recovery from amphetamine-induced hyperactivity, and resistance to cocaineinduced behavioral sensitization (Figs. 1-4) . Collectively, the behavioral pattern of BAG1 TG mice suggests a phenotype associated with enhanced recovery from certain affective-like behaviors associated with BPD. In contrast, we found that the BAG1ϩ/Ϫ mice showed an enhanced sensitivity to cocaine (Fig. 4) . Furthermore, fewer BAG1ϩ/Ϫ recovered spontaneously from helplessness ( Fig.  2 D and F) .
Because BAG1 emerged as a candidate gene from previous microarray studies of lithium and VPA, the question of whether or not rodents treated with lithium and VPA show behavioral similarities to BAG1 TG mice is important. Despite some methodological differences between previous pharmacologic studies and this report, the overall data do suggest strong similarities between lithium-treated (and to a lesser extent VPA-treated) mice and BAG1 TG mice (reviewed in ref. 6 ).
Studies of suppression of GR action by the BAG1 proteins have identified two primary modes of action: (i) inhibition of GR translocation to the nucleus and (ii) a more direct nuclear action at the level of regulation of the transactivation function of the receptor (23, 29) . Consistent with this mode of action, we have observed in studies with lithium and VPA an attenuation of GR nuclear translocation and an inhibition of the activity of a reporter gene driven by GRs (8) . Notably, these effects were only observed when using high (pathophysiologic) glucocorticoid concentrations. Similarly, GR function at lower glucocorticoid levels was unaffected by BAG1 up-regulation (8) . Chronic lithium and VPA (both of which up-regulate BAG1) have been shown to enhance recovery from both the depressive and manic episodes associated with exogenous or endogenous (i.e., Cushing disease) elevations of glucocorticoids (discussed in ref. 6 ). The data presented here suggest that the interaction between GRs and BAG1 contributes to enhanced recovery from manic-and depression-like behavioral impairments observed in TG mice overexpressing BAG1 in neurons.
Because BAG1 regulates GR function primarily by attenuating its nuclear translocation and transactivation functions, it is not altogether surprising that we did not observe changes in total GR protein levels. However, we did observe alterations in the levels of two GR chaperone proteins: Hsp70 and FKBP51. We found that BAG1-overexpressing mice had higher hippocampal levels of Hsp70. BAG1 is known to bind to and stabilize Hsp70, thereby leading to Hsp70 accumulation in cells (10) . Notably, BAG1-induced activation of Hsp70 has been postulated to be important for neuroprotection (26) . Thus, BAG1-overexpressing TG animals have increased levels of Hsp70 and exhibit relative resistance to in vitro and in vivo insults (10, 26) .
With respect to FKBP51, this immunophilin is known to attenuate GR function (22) . It is a potent inhibitor of GR binding, and glucocorticoid resistance in three New World primates is associated with overexpression of FKBP51 (22) . Most recently, it has been demonstrated that a combination of a transcriptionally incompetent GRs and overexpression of the GR cochaperone FKBP51 (22) contributes markedly to glucocorticoid resistance in squirrel monkeys. Together, the data suggest that the decreases in hippocampal FKBP51 observed in BAG1-overexpressing mice may well represent a compensatory change in response to attenuated GR function.
Overall, this work shows that brain overexpression of BAG1, a previously identified biochemical target for structurally dissimilar mood stabilizers, is associated with enhanced recovery from certain affective states. We are not aware of any human genetic studies that implicate BAG1 as a gene associated with mood disorders. However, BAG1 is a chaperone protein that interacts with GRs, Hsp70, and, thus, FKBP5. Binder et al. (30) investigated single nucleotide polymorphisms (SNPs) in the FKBP5 gene (6p21.321.2) and seven other genes thought to play a role in HPA axis regulation. Two SNPs in FKBP5 were associated with rate of treatment response in two independent samples. Most recently, a completely independent study replicated an association between FKBP5 markers and treatment response to antidepressant treatment when using the categorical ''responder'' and ''remitter'' outcomes (31) . Indeed, this study also found an association between the FKBP5 gene and depression itself. Finally, very recent data have also shown that variants in the FKBP5 gene are associated with an increased likelihood of developing PTSD (32); these findings fit nicely with the putative role of these molecules in mediating affective resilience. Ongoing studies are attempting to elucidate the complex interactions between FKBP5 and BAG1 in the pathophysiology and treatment of mood disorders.
In conclusion, the data presented here suggest that therapies designed to enhance BAG1 function may lead to treatments for both the manic and depressive phases of BPD, as well as modulating the effects of stress. Further investigation of the role of BAG1 will help clarify the mechanisms of interaction between mood stabilizers and glucocorticoids in mood disorders.
Materials and Methods
Animals. Mice expressing FLAG-mouse BAG-1 (mBAG-1) under the control of the neuron specific enolase promoter and WT FVB/n mice used in the study are described in a previous report (10) . All these mice had the same genetic background and were bred in-house. BAG1 heterozygous knockout (ϩ/Ϫ) mice were generated as described (25) and backcrossed to mice of C57BL/6J (Jackson Laboratories) background for seven generations. All animals were housed under constant temperature (22 Ϯ 1°C) and 12 h light/dark cycle with access to water and food ad libitum. All of the behavioral experiments were performed between 8 and 11 weeks of age. All animal treatments, procedures, and care were approved by the National Institute of Mental Health Animal Care and Use Committee and followed the Guide for the Care and Use of Laboratory Animals.
General Evaluation. Assessment of physical appearance, growth and development, and neurological and sensory functions were performed following guidelines established by Crawley (33) .
Behavioral Tests.
The open-field test (OFT), the active and passive avoidance tests, the EPM, the FST, the learned-helplessness paradigm, the amphetamine-induced hyperlocomotion test, and cocaine-induced behavioral sensitization were conducted in WT and BAG1 TG mice as specified in SI Methods. The Ethovision system (Noldus) was used to analyze data from the EPM, the FST, the amphetamineinduced hyperlocomotion test, and cocaine-induced behavioral sensitization. The learned-helplessness paradigm and cocaine-induced behavioral sensitization were also conducted in WT and BAG1ϩ/Ϫ mice as specified in SI Methods. The Clever Systems (CleverSys., Inc.) was used to analyze data from the cocaineinduced behavioral sensitization experiment.
Hippocampal Cellular Fractionations, Striatal Sample Preparation, and Immunoblotting. Hippocampus and striatum were removed from drug-naïve WT and BAG1 TG mice, and the cellular fractionation of hippocampal samples was conducted as specified in SI Methods. Frozen striatal tissues were homogenized in lysing buffer containing protease inhibitor and phosphatase inhibitor cocktails (Sigma) and then spun at 12,000 ϫ g for 10 min to remove debris. Immunoblotting of fractionated hippocampal samples and striatal protein extracts was conducted as described previously (34), using antibodies from Santa Cruz Biotechnology for BAG-1, Hsp70, Bcl-2, DAT, Fos B, and COMT, from Abcam for GRs and FKBP51, and from Cell Signaling for phospho-ERK, total-ERK, and phospho-CREB. An equal amount of total protein from different animals was loaded on the gel for comparison. The amount of protein loaded on the gel was within a linear detection range for the protein being detected. The immunocomplex was detected by using chemiluminescence (ECL kit; GE Healthcare). Quantitation of the immunoblots was performed by densitometric scanning of the film by using a Kodak Image Station (4000R Digital Imaging System). An aliquot of pooled ''standard'' mouse brain (hippocampus) was run on one lane of each gel. Data were normalized against the standard mouse brain to minimize between-blot variability.
Statistical Analysis. All results are expressed as mean Ϯ SEM. Statistical comparisons were performed with the use of 1-or 2-way ANOVA with Tukey's post hoc test or a Student t test to identify significant differences. In all cases, P Ͻ 0.05 was considered statistically significant.
